This study examines the determinants of economics undergraduates' academic performance in the top national universities of Singapore and Malaysia: the National University of Singapore (NUS) and the University of Malaya (UM). Using three basic components of economics as the dependent variable, i.e. basic microeconomics, basic macroeconomics and statistics/econometrics, it was found that students' pre-university grade is the most important determinant in undergraduates' performance. However, unlike in some previous studies which suggest that taking economics and mathematics before university does have a major impact on students' higher economics grades at undergraduate level, in this study, it was found that the type of subjects taken before university, including both economics and mathematics, has no significant impact on students' academic performance. The type of pre-university programme taken prior to admission, and ethnicity were found to be important determinants among UM students, but not NUS. This is a significant finding since Malaysia does practice a modified quota system based on ethnicity in one of the pre-university programmes. The study also found no significant distinction between male and female performance in economics controlling for other socioeconomic and attitudinal effects.
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Previous literature
The determinants of academic performance have been widely researched. Many studies have been conducted to examine the factors that influence students' academic performance. Some of these studies have concentrated on specific subjects while others focus on more general topics across the disciplines. With regards to methodology, economists usually apply an educational production function to explore these relationships, where academic achievement is a function of student ability, time devoted to learning, various attributes on an individual level (see for example, Schmidt, 1983; Park and Kerr, 1990; Durden and Ellis, 1995; Parker, 2006; and Opstad and Fallan, 2010) and on an aggregate level the relationship between school resource variables, student background characteristics and school outcomes (see for example, Hanushek, 1996; Hedges et al., 1996; and Hãkkinen et al., 2003) .
In most of these studies, students' academic performance has been measured by a variety of methods. The principal variables used to capture academic performance are grade point average (GPA), percentage grades, cumulative average points (CAP), degree classification or the grade in the targeted subject (Pseiridis et al., 2005; and Swope and Schmitt, 2006) . However, it is important to point out that this approach only highlights the post-test or output performance of the students, and the theoretical assumption is based upon an economic production function. As Parker (2006) illustrates, this method of assessing educational effectiveness is essentially a "black box" approach where determinants are applied to the students in the box to yield some type of output.
Alternatively, students' academic performance could also be measured by a pre-test and post-test comparison based upon educational evaluation principles. For example, Ballard and Johnson (2004) incorporated an elementary mathematics skills test at the beginning of the course, reflecting a measurement of the pre-test abilities of the students. Other similar analysis could focus on pre-university economics grades or prior performances, as the pre-test indicators to compare with the post-test performance.
As for the determinants, a large number of studies have been conducted to study the effect of various factors. The frequently examined factors can be categorised into individual characteristics, academic background, institutional characteristics and environment (see Anderson et al., 1994; Birch and Miller, 2007; Crowley and Wilton, 1974; Harbury and Szreter, 1968; Krohn and O'Connor, 2005; Pseiridis et al., 2005; Reid, 1983; and Swope and Schmitt, 2006) . However, the determinants of economics students' performance are said to be few and their effect is not unanimously supported (Pseiridis et al., 2005) . For example, Anderson et al. (1994) and Krohn and O'Connor (2005) found that gender was a determinant favouring the male students, while Borg and Stranahan (2002) and Lawson (1994) found no such difference in their studies. Moreover, although there has been substantial research to support the argument that more exposure to and proficiency in mathematics improves student performance in economics courses at university (Anderson et al., 1994; and Ballard and Johnson, 2004) , the study by Cohn et al. (1998) revealed no significant effect. Similarly, while other determinants such as ethnicity, family background and personality, continue to have varying effects on the academic performance of students, it is fair to conclude, as Opstad and Fallan (2010) point out, that such results and findings are not universal.
However, there has been little cross-country or cross-university comparison of students' performance in economics in the literature. Therefore, it is the intention of this paper to examine more closely what determines undergraduate performance in economics of these two sister institutions, which have branched out onto different paths from common roots, and to see how different pre-university subjects and results as well as students' characteristics affect undergraduates' performance in economics in both microeconomics and macroeconomics courses. 
The data
For the purpose of this study, a two-page survey questionnaire 7 was distributed at NUS and UM between September 12 and October 5, 2007. A total of 269 second and third-year economics students from the two universities participated in the survey. The survey was done after a pilot survey of 24 students was conducted at NUS on August 29, 2007, after which the survey was revised in order to be more cognizant. The variables surveyed in the questionnaire are categorised in Table 1. Table 2 summarises the subjects taken by UM and NUS undergraduate economics students prior to university admission and their average grades. A general overview of the data revealed that out of the 269 respondents, 55 percent were from UM, compared to 45 percent from NUS, while females outnumbered males by a ratio of three-to-one. Sixty-five percent of respondents were Chinese 8 students, followed by 25 percent Malay, while the remaining 10 percent were categorised as other ethnic groups (see Appendix 1).
At this point of the study, it is important to note that Singapore and Malaysia have differences in their grading systems and their type -university admissions requirements. Malaysian universities commonly accept three major pre-university entry qualifications, namely STPM, Diploma and Malaysian Matriculation while the respondents from NUS predominantly have A-level qualifications, with a small percentage entering with STPM, Diploma or other pre-university qualifications from neighbouring countries. For the purpose of standardisation, the grading system of each pre-university programme has been restructured to enable comparison of students' pre-university academic performance (see footnote of Table 2 ). Subsequently, the Wilcoxon-Mann-Whitney 9 non-parametric test was conducted to identify whether the preuniversity grades of students from the two universities were comparable. The Wilcoxon-Mann-Whitney test ranks the pre-university grades and then counts the rank according to the university. If there are no differences between the universities, the average ranks in each of the two groups are expected to be about equal (Siegel and Castellan, 1988) . However, Table 3 reveals that the pre-university scores of UM were significantly higher than NUS, with the mean rank of UM almost doubling that of NUS. The test also indicates that when the Wilcoxon (W) statistics are asymptotically normally distributed, the probability of accepting the notion that the pre-university scores of both universities are similar is 0.0001 percent (as shown by Asymp. Sig. column). Therefore the differences are significant.
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To overcome the differences, the pre-university grade index was formulated based on the average value of both samples, as illustrated in Equation (1).
The dependent variable, students' performance at university, was based on self-reporting of students in the questionnaire. Six essential modules were listed specifically for students to indicate their grades, with the remaining eight slots allocated to other modules taken during their first year. The six essential modules were basic microeconomics, basic macroeconomics, statistics and econometrics, quantitative methods and mathematics, sociology, and principles of accounting (refer to Appendix 2).
The students' performance indicator is tabulated based on results in basic microeconomics, basic macroeconomics, and statistics/econometrics. The consistency in microeconomics and macroeconomics was expected because both modules were compulsory for economics majors at both universities. Statistics is also compulsory at UM while basic econometrics is essential for those who major in the NUS economics programme. Although quantitative methods, sociology and principles of accounting are also compulsory at UM, the responding percentage were drastically reduced because these modules are not compulsory at NUS. Therefore the academic performance indicator (known as CAP3) only tabulates three modulesmicroeconomics, macroeconomics, and statistics/econometrics at each respective institution. Similar to the pre-university score, the Wilcoxon-Mann-Whitney Test was conducted on CAP3 to identify differences between the samples. The result in Table 4 indicates that the CAP3 for UM is again significantly higher than NUS (asymptotic significance is smaller than 0.0001 percent) and therefore the performance indicator is also formulated into an index score (as Equation 1 drawn randomly, after their 11 th year of education. Therefore, the variable was included with the objective of exploring whether National Service has an effect on students' academic performance. However, the sample that completed National Service in Singapore and Malaysia were merely 15 percent and 4 percent respectively.
Information on students' involvement in extra-curricular activities during their first year at university was also collected. However, due to the complexity of the types of extra-curricular activities that students participated in and the incomparable differences within and across both institutions that could not be captured within a Likert scale, as well as the subsequent insignificant results gathered from the primary analysis, this variable was excluded from the model.
The hometown variable, studying the differences in students' background was only surveyed among UM students. This was due to the fact that NUS is located in the city-state of Singapore and therefore the suburban and rural categories become irrelevant.
The model
The full specification multiple regression model comprising of all the variables collected was regressed with the grade index as the dependent variable. The independent variables in the full model explained 59 percent of the variations in the dependent variable (R 2 = 0.592). Although the R-squared was acceptable, the significance of individual independent variables was below the expected level 10 . As Greene (2003) highlighted, the downward reduction from a full model to the preferred specification poses two advantages, which the general-to-simple approach enables, the elimination of "by accident" significant variables that might exist in a big model and the reduction of the possibility of mis-specifying the model. Therefore, using the downward reduction method, the model is specified as in column 1 of Table 5 , while columns 2 and 3 are specific models for UM and NUS respectively. Column 4 is the model with the inclusion of the university-specified dummy. Similarly, column 1 of Table 6 illustrates the logarithm model and columns 2, 3 and 4 are the university-specified logarithm models and the addition of the university-specified dummy.
Although the results in column 4 of both Table 5 and Table 6 reflected higher R-squared and F-values, the problem of multicollinearity is suspected to be due to the high correlation between the university-specified dummy variable and the type of pre-university programme (r = 0.812), as mentioned in Greene (2003) . Therefore, the models in column 1 are assumed to be the better specified model.
In deciding between the level model and logarithm model, the regression specification error test, Ramsey's RESET test was employed. The R-squared of both the level model (Table 5 ) and logarithm model (Table 6) were used for the tabulation of the F value. The results indicated that both models were adequately specified, where the F value (0.0737) was statistically insignificant. Therefore, the analysis of the determinants of the students' academic performance will be based on the logarithm model in Table 6 , due to the higher F value that explains the variability of the independent variables in the model. From the model in Table 6 , it was clear that students' pre-university grades are the most important determinant in their university academic performance. A student, who scored 10 percent higher in their preuniversity index score, will most likely also achieve a higher grade index by four percent at university, ceteris paribus. This finding is consistent for the entire sample from both UM and NUS, whereby UM and NUS students achieved six percent higher and three percent higher grades respectively. However, the particular type of pre-university education in contributing to the students' performance was only significant in the 15 combined model and the UM model. The significance of this variable in the combined model might explain specific institutional differences, other than students' related variables. Therefore, it is interesting to note that there are statistical differences between STPM and other pre-university qualifications in the UM model. Students with other qualifications scored about 12 percent lower in their grade point index compared to those with STPM pre-university qualifications. In addition to pre-university qualification and performance, the model also included dummy variables on the pre-university subjects taken by students for admission into university. The model showed that students who took geography and history performed worse compared to their peers who studied languages (the control variable in the model) prior to attending university. Similar results could be observed for the UM model but not the NUS model. The model also highlighted that a pre-university background in economics and mathematics had no implication on the grade index of economics undergraduates' academic performance, based on our sample. This can be explained by understanding that many of the economics examinations at undergraduate level include essay components, which may favour those with a higher proficiency in languages, as well as the economics programme in UM which is, in general, also less mathematicallyoriented.
In addition to pre-university background, ethnicity and age also showed a high level of significance in the combined model and the UM model. Again, these variables were insignificant in the NUS model. In terms of the grade index, Chinese students performed 11 percent better than their Malay peers, while the differences between Chinese and other ethnic groups were statistically insignificant. The insignificance of the NUS model in terms of ethnicity could be largely due to the small sample of non-Chinese NUS students in the survey. On the other hand, younger students tend to score higher in the grade index compared to their more mature peers, with differences of six percent declination in grade index when age increased by 10 percent, ceteris paribus.
Regarding students' level of interest in economics and their performance, the combined model revealed that level of interest does have an effect in motivating students to perform better. Students who indicated "good" and "very good" in their level of interest in economics tended to score about nine percent and 11 percent higher compared to their peers whose level of interest were either "very bad" or "bad". This is not a causal inference though and likely reflects co-movement between these variables. However, the university-specified models for UM and NUS do not show significant levels of difference between interest and student performance, with the only exception being that those at NUS who indicated "very good" tended to score better grades than those with other levels of interest.
Subject-specified models
Progressing ahead, subject-specified models comprising of the same explanatory variables in the grade index model were examined. The subject-specified models sought to identify specific determinants in affecting the grade of microeconomics or macroeconomics, which might have been manifested differently under the grade index model (Krohn and O'Connor, 2005) . Note: Standard error in parentheses; ** Significance at 5% level; *Significance at 10% level Table 7 and Table 8 illustrate the logarithm microeconomics grade index model and logarithm macroeconomics grade index model respectively. Column 1 is the combined model and columns 2 and 3 are the university-specified models. The combined model and the UM model generally reflect identical results. The most significant determinant in students' microeconomics and macroeconomics performance is their pre-university performance, consistent over all models. As explained previously, the significance of the Alevel dummy variable in the combined model also reflects the differences between UM and NUS in terms of the nature of pre-university admissions qualifications. However, the A-levels effect is only observable in the microeconomics model. Note: Standard error in parentheses; ** Significance at 5% level; *Significance at 10% level Students' performance in macroeconomics is significantly worse for undergraduates who took geography and history in their pre-university studies. All other subjects taken previously, including economics and mathematics at pre-university level do not seem to have provided a head-start for students to perform better in macroeconomics. Concomitantly, students' performance in microeconomics also does not seem to be correlated with pre-university subject selection. Only mathematics in the combined model and the UM model shows a negative relationship, of significance levels of 10%, to the students' performance if he or she has taken the subject at pre-university level. The results of the NUS model do not show any significant relationship.
The age-factor, comparing between the dependent variable of microeconomics or macroeconomics, indicated that the effect is greater on microeconomics. With an increase in students' age by 10 percent, the microeconomics grade index will decrease by nine percent, at significance levels of 5%, while the macroeconomics grade index only decreases by seven percent at significance levels of 10%.
Discussion
General pre-university performance matters
It is important to note that this study represents further evidence that performance prior to university entrance significantly determines how students perform in economic courses in the early stages of their university career.
Using average grade index -comprising of basic microeconomics, basic macroeconomics and statistics/econometrics -as the indicator of students' academic performance, it was apparent that students' pre-university performance has the most significant impact on their undergraduate performance. This variable has been found consistent as a positive explanatory variable (Anderson et al., 1994; Krohn and O'Connor, 2005; Harbury and Szreter, 1968) . Previous studies using the Scholastic Aptitude Test (SAT) and Grade 13 performance also yielded similar significant results. Indeed, pre-university performance is the best measurement of students' academic ability because it captures not only the intellectual ability to qualify for tertiary education but also other important characteristics of student's' background that enable them to succeed until pre-university level. Therefore this variable has been used as the most important criteria for admission into university and this study validates this practice.
Pre-university subjects matter less
Previous studies such as that by Anderson et al. (1994) have argued that economics and mathematics (specifically calculus) results in pre-university have a major impact on the results of basic economic modules at university. However, this study shows that the type of subjects taken at pre-university level were relatively unrelated to students' first-year performance, except for geography and history which are negatively related to the grade index. This finding again contradicts the discovery of Harbury and Szreter (1968) that these two subjects (geography and history) have no significant effect on economics performance in first year as an undergraduate. Generally, the finding of this study that subjects taken at pre-university level have no effect on economics undergraduates' performance was further reinforced through the subject-specified analysis for microeconomics and macroeconomics grades.
Ethnicity or types of pre-university qualifications?
Ethnicity, in the UM model, seems to be an important determinant. The Chinese ethnic students significantly outperformed the Malay ethnic students in the overall grade performance. However, the level of significance was reduced from 5% to 10% in the macroeconomics grade, and was non-significant in the microeconomics grade. Although many studies at Malaysian universities have concluded that Chinese students perform better than students from other ethnic groups (Alfan and Othman, 2005; and Ismail and Othman, 2006) , there is an additional variable in this framework that allows a more detailed examination of this notion about ethnic differences.
There are three different routes of entry for students into the UM economics course, with the majority of the respondents from UM entering through the STPM and the Matriculation Programme. From the results, it is apparent that students who entered the economics programme with the STPM qualification performed significantly better than those who entered under the Malaysian Matriculation programme or Diploma. The difference between STPM and other pre-university qualifications also needs to take into account the ethnicity 20 factor. From the Malaysian Ministry of Education website (accessed August 2007), the Matriculation is a preuniversity programme with a modified quota system, specifically to cater for the needs of the Bumiputera 11 . It is a two-semester pre-university programme, which arguably has a more intensive curriculum due to a shorter semester. Students in this programme are evaluated by two end-of-semester examinations, which are internal examinations between all the Matriculation colleges. STPM, on the other hand, is a one and half year pre-university programme accessible to all students, who are selected based on their SPM 12 examination results. STPM is commonly taught in public secondary schools and students sit a central examination at the end.
While it is clear from our results that both the different pre-university systems in Malaysia and ethnicity are important determinants on the academic performance of economics undergraduates in UM, it remains inconclusive as to whether the differences between students' performance in UM resulted from the ethnicity factor or the nature of each pre-university programme, which suggests potential for future research.
Pre-university performance and its effect on microeconomics and macroeconomics performance
Students' performance in macroeconomics is significantly worse for undergraduates who have taken geography and history in their pre-university studies. All other subjects taken previously, including economics and mathematics at pre-university level do not seem to have provided a head-start for students to better perform in macroeconomics. Concomitantly, students' performance in microeconomics also does not seem to be correlated with pre-university subject selection. Only mathematics in the combined model and the UM model shows a negative relationship, of significance levels of 10%, on the students' performance if they have taken the subject at pre-university level. The results of the NUS model do not show any significant relationship. This seems counterintuitive to how many departments are running their economics programmes with an increasing emphasis on mathematical rigour. The results shown here suggest that preuniversity competence in mathematics does not lead to better performance in either basic micro or macroeconomics. In fact there is weak evidence to show that it may even hinder (see Table 3 ). There may be a disconnect between the tools that students are required to know in these courses versus the intuition that economics itself conveys to solve everyday problems in the Asian context. We do not suggest generality in these results but offer more contrary evidence to the role mathematics plays in undergraduate performance in economics (see Cohn et al., 1998) .
Conclusion
In conclusion, the most important determinant of an economics undergraduate's academic performance is his or her pre-university results. The importance of this factor clearly outweighs other determinants, be it personal background, or environmental or other institutional characteristics of the university.
However, determinants such as ethnicity, the types and subjects taken at pre-university level, have a highly significant influence on the students' performance in the UM model but such influence did not exist in the NUS model. A plausible explanation is that NUS is less diverse compared to UM in terms of the students' ethnicity for this difference to be statistically significant. 
Appendix 1: Descriptive statistics of variables in the model
